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Introduction
Ultrasonography (US) has been widely utilized as a
noninvasive imaging modality for investigation of
vascular diseases. B-mode, color Doppler, and power
Doppler US are currently the most commonly used
US technology in clinical practice [1–4]. B-mode US
acquires echoes from stationary structures but very
weak echoes from red blood cells. Therefore, it pro-
vides good information about the vascular wall and
surrounding structures, but blood flow is usually
not visible. Color Doppler and power Doppler US
display flow images as an overlay to the B-mode
images. It is capable of visualizing blood flow but
is susceptible to aliasing and overwriting of the
vessel wall.
B-flow US is a US technology that has been intro-
duced recently. It applies digitally encoded ultra-
sound technology to provide direct visualization of
flowing blood cells [5,6]. It provides blood flow
images by highlighting the weak flow reflectors (red
blood cells) and suppressing the signals from the
surrounding stationary tissue. B-flow US provides 
a more realistic image of flowing reflectors in the
blood spaces. The advantages of B-flow US include
simultaneous visualization of flowing blood and sur-
rounding stationary structures, higher frame rate for
hemodynamic imaging, and higher spatial resolu-
tion for vascular anatomy [5,6].
Two kinds of flow phenomenon can be clearly
demonstrated in B-flow images: jet stream and blood
stream swirl. Jet stream is a region of high grayscale
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intensity, which is produced when blood flows
through a segment of stenosis [7]. Blood flow swirl
represents focal turbulence of blood flow. This
may be observed in regions of ulcerative plaques,
vascular tortuosity, and blood spaces with blind
ends [8].
The clinical application of B-flow US has recently
been investigated in several entities, including the
liver [9], artery [7,8,10–13], hemodialysis access
[14], and superficial vein [15]. In this presentation,
we display image findings of B-flow US in various
peripheral vascular diseases. These include carotid
stenosis, carotid dissection, stenosis of hemodialysis
access, arterial pseudoaneurysm, arteriovenous fis-
tula, venous aneurysm, and venous insufficiency.
The US machines and transducers used for scanning
were: LOGIQ 9 and LOGIQ 700 MR with M12L
transducer (GE Healthcare, Milwaukee, WI, USA).
Carotid Artery
Carotid artery stenosis
The stenotic vascular lumen shows high intensity
echoes in B-flow US as it contains numerous reflec-
tors in the flowing blood (Figs. 1 and 2). Jet stream
may be found at the site of stenosis or the region just
distal to the stenosis. The vascular lumen, atheroma
plaques, and vascular wall can be differentiated in
B-flow US. There is no overwriting in B-flow US.
The turbulent flow distal to an atheroma plaque
presents as blood flow swirl in B-flow US (Fig. 3).
iF g. 1. Atheroma plaque of the left common carotid artery. (A) B-mode US (longitudinal scan) shows an atheroma plaque
(arrows) at the posterior wall of the left common carotid artery. (B) Color Doppler US shows color flow signal flowing pass the
atheroma plaque; note the areas of overwriting (arrow) of color signal beyond the vessel lumen. (C) B-flow US with preservation f o
background echoes, and (D) suppression of background echoes demonstrates the flowing blood within the vessel lumen.
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Ulcerative plaque
The flow turbulence at the region of ulcerative plaque
can be depicted in B-flow US as focal blood flow swirl
(Fig. 4). In Color Doppler or power Doppler US, it may
occasionally be difficult to differentiate flowing sig-
nal in an ulcerative plaque from overwriting.
Carotid artery dissection
The true/false lumen, intimal flap, and arterial wall
are well-demonstrated in B-flow US (Fig. 5). In some
cases, the intimal flaps may be so thin that they are
obscured in color Doppler/power Doppler US due
to overwriting.
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iF g. 2. SLeft internal carotid artery stenosis. (A) Color Doppler U
l(transverse scan) shows thick atheroma plaques in the left interna
carotid artery where about 70% of luminal narrowing is noted.
lThere is some overwriting. The arrows indicate the left interna
carotid artery, the arrowhead indicates the narrowed lumen in the
vessel, the star indicates the left external carotid artery, and the
heart indicates the left internal jugular vein. (B) B-flow US with
preservation of the background echoes and (C) B-flow US with
suppression of the background echoes show flowing blood in the
rstenotic lumen (arrows) without significant overwriting as in colo
wDoppler US. The flowing blood is further highlighted by B-flo
imaging with background suppression.
BA
iF g. 3. Blood stream swirl distal to an atheroma plaque. (A) Color Doppler US of the left common carotid artery, longitudinal scan,
shows alternation of the direction of blood flow distal to a plaque (arrows). Focal flow reversal is shown (arrowhead). (B) B-f Slow U
demonstrates blood stream swirl (arrowheads) at the region of flow reversal, providing a more intuitive image than color Doppler US.
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iF g. 4. Atheroma plaque with ulceration. Color Doppler US of the left internal carotid artery: (A) longitudinal scan; (B) transverse scan. A
thin atheroma plaque in the posterior wall of the proximal left internal carotid artery with a small ulcer (arrows). B-flow US: (C) longitudi-
nal scan; (D) transverse scan. Bloodstream swirl at the site of the ulcer (arrows) is noted.
BA
iF g. 5. Carotid dissection. (A) B-mode US of the right common carotid artery (longitudinal scan) shows a thick intimal flap (arrow-
heads) in the lumen of the right common carotid artery (arrows). (B) Color Doppler US shows flowing blood in the true and false
lumen of the dissected artery. 
H.K. Wang, Y.H. Chou, H.J. Chiou, et al
190 J Med Ultrasound 2005 • Vol 13 • No 4
A B
C
iF g. 6. lPseudoaneurysm of the femoral artery with partia
thrombosis. (A) Color Doppler US shows pseudoaneurysm
S(arrows) with partial thrombosis (arrowheads). (B) B-flow U
shows swirling blood in the vascular space of the pseudoaneurysm
with “yin-yang” sign. (C) Spectral Doppler US in the neck of the
pseudoaneurysm demonstrates characteristic to-and-fro flow.
C D
iF g. 5. Carotid dissection. d(C) B-flow US (longitudinal scan) demonstrates good delineation of the flowing blood, intimal flap, an
vessel wall. (D) B-flow US (transverse scan) shows the thick intimal flap (arrowheads).
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Peripheral Artery
Arterial pseudoaneurysm
B-flow US provides realistic images in cases of arterial
pseudoaneurysm. The blood space of an arterial pseu-
doaneurysm gives rise to a typical “yin-yang” sign
in color Doppler US, which is also well-demonstrated
by B-flow US in a grayscale format (Fig. 6).
Arteriovenous fistula
The blood flow through the fistula tract of an arterio-
venous fistula flows at a high velocity. In B-flow US,
the flowing blood with high velocity results in a jet
stream at the fistulous tract (Fig. 7).
Peripheral Vein
Venous aneurysm
The hemodynamics in the blood space of venous
aneurysm can be demonstrated in a more realistic
fashion using B-flow US (Fig. 8). The turbulent flow
in the venous aneurysm presents as blood flow
swirl in B-flow US (Fig. 9).
Venous valve insufficiency
The reverse flow through the incompetent venous
valve results in jet stream in B-flow US (Fig. 10).
Turbulent flow around the incompetent venous
valve can be depicted in B-flow US.
A B
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iF g. 7. Femoral arteriovenous fistula. (A) Color Doppler US (longitudinal scan) shows a tract (arrows) communicating with the
common femoral artery and common femoral vein. (B) Duplex US shows high velocity flow within the tract, causing aliasing in the
spectral Doppler image. (C) B-flow US with preservation of background echoes shows a jet stream (arrows) at the common femoral
vein. (D) B-flow US with suppression of background echoes demonstrates the fistulous tract (arrows).
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iF g. 8. Superficial venous aneurysm of the external jugular vein. (A) B-mode US shows a vascular space (arrows) connecting to the
external jugular vein through a narrowed neck (arrowheads), suggestive of venous aneurysm. Note partial thrombosis of the
aneurysm with hypoechoic patent lumen in the central portion of the aneurysm. (B) Color Doppler US shows filling of the color f wlo
signals in the aneurysm. (C) B-flow US with preservation of background echoes and (D) B-flow US with suppression of background
techoes show jet stream (arrowheads), representing the blood flow filling the aneurysm through the neck of the aneurysm. The je
stream is highlighted after suppression of the background echoes.
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iF g. 9. rSuperficial venous aneurysm at the calf. (A) Colo
Doppler US and (B) power Doppler US show venous aneurysm
S(arrows) with bizarre color signals in the lumen. (C) B-flow U
shows blood stream swirl in the lumen of the venous aneurysm.
Venous thrombosis
In B-flow US, the recanalized venous lumen is com-
posed of flowing echoes, which can be differen-
tiated from the stationary thrombus in the vein
(Fig. 11).
Other
Stenosis of hemodialysis access
Stenosis of hemodynamic access can be well-
evaluated by B-flow US. B-flow US demonstrates
the stenotic lumen without overwriting (Figs. 12
and 13). The thrill at the region of arteriovenous
fistula produces noise in color Doppler and power
Doppler images. This effect is less pronounced in
B-flow US [15].
Conclusion
B-flow US provides characteristic imaging features
in various peripheral vascular diseases. Familiarity
with the unique image presentations of B-flow US
(e.g. jet stream, blood stream swirl) aids in imag-
ing interpretation of B-flow US.
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iF g. 10. Venous valve insufficiency at the saphenofemoral junction. (A) Duplex US shows reverse flow at the greater saphenous
vein during the Valsalva maneuver. Note the incompetent valve at the saphenofemoral junction (arrow). (B) B-flow US shows char-
acteristic jet stream (arrows) representing the reverse blood flow through the incompetent venous valve.
BA
iF g. 11. tPartial thrombosis of the right basilic vein. (A) Color Doppler US shows color flow signals (arrows) in the partially paten
venous lumen. (B) In B-flow US, the patent lumen with flowing blood (arrows) can be distinguished from the thrombi in the lumen.
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Fig. 12. Stenosis of the arterial limb of an arteriovenous fistula.
(A) B-flow US depicts stenosis of the arterial limb of the arterio-
venous fistula close to the arteriovenous anastomosis (arrow-
heads). (B) Color Doppler US demonstrates the stenosis (arrows)
less conspicuously than B-flow US due to artifact caused by promi-
nent thrill. (C) Digital subtraction angiography shows stenosis of the
arterial limb adjacent to the arteriovenous anastomosis (arrows).
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iF g. 13. Stenosis of the venous limb of an arteriovenous fistula. (A) B-flow US shows stenosis of the venous limb of the arteri-
ovenous fistula (arrows). (B) Digital subtraction angiography shows the stenotic venous limb (arrow), correlating well with the
B-flow image.
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